SUMMARY Reciprocal translocations produce imbalances by three types of disjunction which are, in decreasing frequency, adjacent 1, 3:1, and adjacent 2.
Imbalances of reciprocal translocations can result from three types of disjunction.
Type adjacent 1 (the most frequent) occurs when one of the two modified chromosomes is transmitted together with the normal homologue of the other. This situation results in the duplication of one of the translocated segments and the deficiency of the other.
Type adjacent 2 (exceptional) occurs when one of the modified chromosomes is transmitted together with its own homologue. This mechanism results in the duplication deficiency of the non-translocated centric segments of the modified chromosomes; the translocated acentric segments are therefore balanced.
The offspring of the above types of disjunction have 46 chromosomes. Type 3:1 (rare) results in pure partial monosomies or trisomies. The subjects have 45 to 47 chromosomes.
Received for publication 7 February 1979 Two mechanisms are possible.
(1) The two chromosomes affected by the trans- location are transmitted together with only one of their normal homologues ('interchange trisomy or monosomy'). (2) A single affected chromosome is transmitted together with the two normal homologues ('tertiary trisomy or monosomy'). The incidence and the mechanisms bringing about these different types of chromosome imbalance have already been reviewed by Ford and Clegg (1969) , Lejeune et al. (1970) , Hamerton (1971) , and Lindenbaum and Bobrow (1975) .
The observation that two members of a family were born with the same type adjacent 2 constitution led us to investigate published reports regarding this phenomenon and to study the mechanisms involved. Data concerning 3:1 disjunction previously established by Lindenbaum and Bobrow (1975) are relevant to the present study. 467
Case report The proband is the third child of the family; the two elder sisters, identical twins ( Fig. 1) , are normal. There had been no previous miscarriages. A maternal uncle is mentally retarded. At the time of the child's birth the mother was aged 24 years and the father 27. Weight at birth (full term) was 2510 g.
At 9 months, examination of the infant showed evidence of hypotrophy, retarded mental development, and a dysmorphic syndrome characteristic of a 9p trisomy.
There was a chromosome anomaly derived from a balanced reciprocal translocation in the mother and the maternal grandmother t(9;21) (q22;q22) (Fig.   2a) (Table 2) .
The subjects of the two groups were listed according to the precise origin of their chromosome constitution: alternate, adjacent 1, adjacent 2, or 3:1.
The paternal or maternal origin of the disjunction was noted. Spontaneous abortions and stillbirths were not listed unless their karyotype was known.
Results
The resulting imbalances in decreasing order of frequency were disjunctions adjacent 1 (66 5% ± 3.2%), 3:1 (27-6% ± 3 0%), and adjacent 2 (5 9% ± 1 * 6 %). The last type was only found 13 times in 7 families (Table 3) . These were all found in group I (Table 4) and never in group IT (Table 5) . These translocations always occur between the long arms of two acrocentrics or between that of an acrocentric and that of a chromosome 9 (Table 6 ). Any acrocentric can be involved; the sample size is too small to evaluate randomness. However, there have been reported (Raoul et al., 1976; Kim et al., 1977) (1978) (5;10) (p15;pll)mat Ballesta and Vehi (1974) (3;4) (p23;pl6)mat Bartsch-Sandhoff and Liersch (1977) (5;8) (q33;p23)pat Bauknecht et al. (1976) (4;16) (p12;p13)pat Berger et al. (1977) (7;9) (q31 ;p24)mat (1978) (12;18) (q24;q21)mat Garrett et al. (1975) (1;4) (q25;q35)mat Grace et al. (1973) (3;7) (q27;q31)mat Hoo (1976) (9;12) (p24;p11)mat Issa et al. (1976) (4;9) (q31 ;q34)mat Johnson and Bachman (1976) (12;18) (qter;pl1)mat Johnson et al. (1977) (7;10) (p22;p12)pat Kroyer and Niebuhr (1975) (10;18) (q25;q23)pat Laurent et al. (1975b) (11 ;17) (q231 ;p13)mat Laurent et al. (1978) ( (1977) (8;12) (q24;qt2)pat Osztovics and Kiss (1975) (2;5) (p23;q31)pat Penchaszadeh and Coco (1975) (7;9) (q36;ql3)mat and an acrocentric, even though the long arms (Rethore et al., 1973b; Turleau et al., 1974) were involved.
None of the 30 families whose reciprocal translocation involved the short arm of an acrocentric showed the disjunction adjacent 2.
A family incidence was noted 4 times out of 7 (Table 6 ). The distinction between two classes of family, according to whether they have one case or more than one case of the same type of disjunction, allows a comparison of the repetitiveness of the three types, adjacent 1, adjacent 2, and 3:1 (Table 7) . The disjunction adjacent 1 is more repetitive than the type 3:1 (P<0 02). The disjunction adjacent 2 seems more repetitive than adjacent 1. The difference is not, however, significant in this small sample.
In addition, there are never adjacent 1 or 3:1 disjunctions in the families with adjacent 2 disjunction.
Finally for 12 of the 13 subjects, the adjacent 2 disjunction was derived from a maternal balanced translocation.
3:1 DISJUNCTIONS
These disjunctions (subjects with 45 or 47 chromosomes) were more frequent in group I (Table 4) than in group It (Table 5) . They affected more subjects and more families (P<0 01) and the acrocentrics involved were random. In group II, they were more frequent when the translocation affected a chromosome 9 (8 of 16 as opposed to 5 of 68 translocations not involving No 9) (P<0 001) and their frequency in this case did not differ from that in group T. In group I, the incidence of 3:1 disjunction seemed also to be higher when a No 9 was involved (12 of 24 as opposed to 35 of 101 in the absence of No 9). This difference was not, however, statistically significant (0 2>P>0 1). The 3:1 disjunction resulted more often from a maternal translocation (55 times out of 61) than the adjacent 1 disjunction (97 times out of 147). The difference was significant (P<0 001). This type of disjunction has never been the subject of an in-depth study because of its rarity. The true incidence of such a rare phenomenon cannot be fully appreciated from this retrospective investigation, the method of evaluation of which is biased. The present study shows its occurrence in only 7 of the 161 families recorded. It involves only 13 of the 221 abnormal subjects of these families. Before the advent of chromosome banding, Hamerton (1971) studied 75 families and only came across this phenomenon twice (his results are not included in this work). These two translocations show these common characteristics: at least one acrocentric is involved; no other type of disjunction (adjacent 1 or 3:1) occurs in the family; in spite of its rarity, adjacent 2 disjunction is repetitive (3 times in the family described by Uchida et al., 1964 , and twice in the family described by Lord et al., 1967) ; these translocations are maternal. These characteristics can now be stated more precisely.
The nature of the chromosomes involved Translocations likely to result in adjacent 2 disjunction occur between the long arms of two acrocentric chromosomes or between that of an acrocentric and that of a No 9. The interstitial segments of the chromosomes involved are generally short; if they are not, they carry an extended heterochromatic zone, the 9qh.
The exclusive nature of the disjunction Neither adjacent 1 nor 3:1 disjunction has been found in the families with adjacent 2 disjunction. However, the mutual exclusiveness of adjacent 2 and 3:1 disjunctions may only be related to the small sample size. In comparison, the disjunctions adjacent 1 and 3:1 exist together in a limited number of cases (6 out of 54 families 3:1).
The repetitive nature of the disjunction Adjacent 2 disjunction does recur; this is the case in 4 families out of 7. This repetitiveness is highest in the family described by Blank et al. (1975) which contains 4 disjunctions of the adjacent 2 type.
The parental origins of the imbalance Adjacent 2 disjunction is nearly always maternal. This feature is shared with the 3:1 disjunction but not with adjacent 1. Also, the imbalance, regardless of its type, is more often maternal in origin each time that the translocation involves at least one acrocentric chromosome or a No 9 which, as previously mentioned, produces the disjunctions adjacent 2 and 3:1.
POSSIBLE MECHANISMS INDUCING ADJACENT 2 IMBALANCE
The selection
In the family reported here the adjacent 2 disjunction does not produce duplication or deficiency of the translocated segments 9q and 21q. It results, therefore, in a moderate imbalance in contrast to that which might result from a disjunction of the type adjacent 1 or 3:1. As a general rule, the adjacent 2 disjunctions produce duplication deficiency of the centric segments (arms not involved in the translocation and interstitial segments situated between the centromeres and the breakpoints). They do not affect the translocated segments (except for crossingover in the interstitial segments).
This feature is different from that in the adjacent 1 disjunctions where, under the same conditions (absence of crossing-over in the interstitial segment), the opposite is observed. Only the translocated segments are imbalanced. It is also different from that in the 3:1 disjunctions where the trisomy or monosomy involves both the centric segments and the translocated segments.
The long centric segments and the short translocated segments therefore predispose, by selection, to adjacent 1 disjunctions. Conversely, adjacent 2 disjunctions are more likely to produce a viable constitution when the translocated segments are important and the centric segments short. These observations recall those of Burnham (1950) who, in Zea mais, showed a proportional relationship between the shortness of the interstitial segments and the frequency of adjacent 2 disjunction. However, the interstitial segment is only a part of the centric segment; the other part (the arm not involved in the translocation) may have the same selective role.
Since the disjunctions adjacent 1 and 2 have an opposite effect, this may explain why they never coexist. If the translocated segments are short, type 1 is probable and type 2 would result in a lethal imbalance; the converse is true if these segments are long. The translocations involving the long arms of acrocentric chromosomes are therefore predisposed to this type of disjunction when breakpoints are juxtacentromeric because only imbalance of their short arms is produced. Similarly, when a chromosome 9 is involved, it is by its long arms and breakpoints lie at q13 or q21-22, never beyond. In these conditions the disjunction results in trisomy of the region 9p and 9q proximal, segments whose duplication is not lethal.
These points do not explain why other chromosomes (X or Y), or other chromosome regions whose duplication or deficiency is not lethal, are never involved in these translocations. They also do not explain why adjacent 2 and 3:1 have not, as yet, been seen in the same family.
Meiotic configurations
Since this type of disjunction is determined at the time of the first meiotic division, the pachytene meiotic configurations are to be considered.
In this respect, two of the factors already mentioned as influencing the adjacent 2 disjunction by selection appear to favour this segregation through the meiotic configuration: shortness of the interstitial segment and participation of the acrocentric chromosomes.
(a) The shortness of the two interstitial segments, or rather the absence of crossing-over in them, may cause an error in tetravalent positioning which induces segregation to the same pole of the two homologous centromeres. This hypothesis is supported by the observation that the occurrence of crossing-over in the interstitial segments results in regular anaphase disjunction of homologous centromeres, thus preventing adjacent 2 disjunction (McClintock, 1945 , on Neurospora crassa). The same observation has been made by Burnham (1950) with Zea mais. In four cases the adjacent 2 disjunction affects translocations with a long interstitial segment, but it is the heterochromatic 9qh which is likely to be achiasmatic, as suggested by the stability of the pericentric inversions of this region (Madan and Bobrow, 1974 (Hulten, 1974) , the tetravalent opens. Therefore, the complex formed is not circular; it is a chain, the two ends of which are occupied by the short arms of the acrocentrics. Lewis and John (1963) According to Lindenbaum and Bobrow (1975) 3:1 disjunction is rare and represents 6 to 25% of the total of the imbalances caused by reciprocal translocations.
The influencing factors on this type of disjunction group.bmj.com on November 6, 2017 -Published by http://jmg.bmj.com/ Downloaded from have been studied by Hamerton (1971) and Lindenbaum and Bobrow (1975) . Only two points are considered here.
The nature of the chromosomes involved in the translocation An acrocentric chromosome takes part most often in the translocation (50 out of 61 cases showing disjunction 3:1). Among these acrocentrics, those of G group are not more often involved than those of D group (22 G and 23 D) . In 1975, Lindenbaum and Bobrow observed from their sample that 12 of the 25 C group chromosomes involved in 3:1 disjunctions were No 9, and they suggested a possible influence of this chromosome on the frequency of this type of disjunction. The present study confirms this hypothesis: in group It (translocations without acrocentrics) the incidence of 3:1 disjunction differs according to whether a chromosome 9 is or is not involved in the translocation. In the first case it is 50% and in the second only 7 %.
The parental origin of the translocation Of the 61 subjects, 55 (90 2%) with a 3:1 imbalance are the offspring of heterozygous women. For 3:1 and adjacent 2 disjunctions together, a maternal origin is observed 67 times out of 74 (90' 6 %). By comparison, the origin of the adjacent 1 imbalance is maternal in only 97 out of 147 cases (65 %).
This maternal origin is observed in 81 % of the two types of translocation which often segregate according to type 3:1 (group I and group with involvement of a No 9). This is significantly reduced when neither an acrocentric nor a No 9 are involved in the translocation (58 %).
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